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VertigoAbstract Background: Several studies have indicated that during an episode of otitis media the
child’s balance deteriorates and the child may become clumsy and fall more often.
Objectives: The aim of this work was to assess the balance and vestibular system in children with
otitis media with effusion prior to and after treatment.
Methods: Fifty children with bilateral OME (5–11 years old, 28 females and 22 males) were
involved as a study group. The control group consisted of 30 healthy children age- and sex-
matched (12 females/18 males). All subjects underwent Balance subset of Standardized
Bruininks–Oseretsky test of motor proficiency (BOT-2), a test of static and dynamic balance and
modified Clinical Test of Sensory Interaction for Balance (m-CTSIB) were done. Objective tests
of vestibular end organ function including both Electronystagmography test ENG and both air
conducted (AC) & bone conducted (BC) vestibular evoked myogenic potentials(VEMP) were
recorded. These tests were performed two times: 1 day prior to and 4 weeks after management.
Results: Only 8 children had history of vertigo or balance disorders. There were statistically sig-
nificantly poorer scores in some balance subtest items of BOT-2 as in SOL with eye closed either on
a line or on a balance beam as compared to the control group with significant improvement after
management. Peripheral vestibular (ENG) abnormalities were recorded in 64% of children with sta-
tistically significant higher than the control group (10%) with significant improvement after man-
agement. Prior to treatment, AC-VEMPs were present in 12 (12%) ears while BC-VEMPs were
recorded in 78 (78%) ears that mean ABG was 12.15 ± 2.75. After treatment most children showeded.
152 E.A. Said et al.nearly closure of ABG within 10 dB HL, AC-VEMPs were present in 72 (72%) ears and BC-
VEMPs were recorded in 90 (90%) ears.
Conclusions: Recurrent or persistent otitis media with effusion impairs the functioning of the
vestibular system in children.
 2015 Egyptian Society of Ear, Nose, Throat and Allied Sciences. Production and hosting by Elsevier
B.V. All rights reserved.1. Introduction
Otitis media with effusion (OME) is the most common otolog-
ical diseases of childhood for which medical care is sought,
hearing loss is the most frequent complication or sequela of
OME and it is the major reason for the parents to consult
an ENT specialist or a pediatrician. Some researchers consid-
ered it to be the primary cause of vestibular disturbances in
children.1,2
Exactly, how eustachian tube dysfunction and OME affect
the vestibular system is still unclear. Hamidi3 assumed that the
ear is a very intricate organ and the change of pressure inside
the middle ear influences the flow of inner-ear fluids. Fukuda,4
in 1984, reported that changes in middle ear pressure alter the
firing rates of the vestibular nerve fibers. Other authors
suggested that toxins present in the effusion of the middle
ear leaking to the inner ear cause inflammation of the
cochlea. There are also suggestions that electrolytes can
be transferred into the inner ear and may affect the vestibular
receptors.5,6
Hamidi3 concluded that vestibular disorders not only affect
the child physically as this child will continuously encounter
attacks of vertigo, being unable to play sports, or engage in
other activities with children, have significant negative
effects on their social participation but also academically,
causing a decrease in the intellectual abilities of the child, the
child will not be able to pay attention as readily as the other
students in his or her class because of the typical symptoms
of vestibular disorders; vertigo and these children have
poor gaze stability that affects reading as a consequence of
vestibular deficits.7
While extensive effort is expended to prevent hearing loss in
children, coexisting or consequent vestibular disorders are
often ignored, consequently, vestibular dysfunction is an over-
looked entity and intervention to ameliorate these impairments
is not provided. One primary reason for the difficulty in
detection is that children are unable to express their symptoms
as well as adults and the vertiginous problems in children are
usually attributed to troubles in behavior or lack of
coordination.8
Although young children with bilateral OME recorded sig-
nificant impairment of balance, based on standardized testing,
their parents did not notice or report any problem unless their
children were presented with acute symptoms (e.g. vomiting,
nausea, vertigo).9
Denning and Mayberry noted that younger children with
frequent incidents of otitis media presented impaired
vestibulo-spinal reflexes reflected by poor results in walking
tests.10 The integrity of the vestibular apparatus is critical for
motor development, early onset of disease may have a more
adverse effect on vestibular and balance function than late-
onset disease.11Vestibular function was evaluated using ENG, and devel-
opment using the Bruininks–Oseretsky test of motor profi-
ciency, of children with OME. These investigators found
aberrant ENG and motor development results in a majority
of the children, with resolution of the impairments in most fol-
lowing tube insertion.12
After the OM has completely been treated and cleared, a
team of professionals’ works with the pediatric patient in order
to achieve the best possible functional improvement via partic-
ipation in vestibular rehabilitation focused on substitution and
adaptation exercises.3
Aim of this study
1- To assess the vestibular system and balance deficits in
children with bilateral otitis media with effusion
2- To determine the efficacy of intervention for OME
(medical or surgical) on resolution of these deficits.
2. Materials and methods
This study was conducted in collaboration between ENT
department and audiology unit of Assiut University hospitals
between January 2014 and January 2015. A total of 62 children
with bilateral OME were tested, but 12 were excluded from
this analysis owing to several factors, some of them refused
electrodes, others were uncooperative or due to time constraint
of parents. Fifty of them (study group) completed the study,
aged between 5 and 11 years, (28 females/22 males) with bilat-
eral OME, diagnosis of OME was made at our department by
the otoscopic examination showing typical OME signs in all
the selected subjects and type B flat tympanogram curves.13
All participants followed these exclusion criteria;
Sensory-neural hearing loss or conductive hearing loss not
caused by OME, children with neurological diseases or any
other serious illness and children with an unreliable medical
history or whose behavior had been reported as uncooperative.
Children in the current study group were evaluated at two
stages of the treatment:
Stage I – prior to treatment called G1.
Stage II – 4 weeks after the fluid was removed from the ear
with appropriate treatment called G2.14 They were treated
either with antibiotics, mucolytic agent combinations or
myringotomy with or without insertion of ventilation tubes
after at least 3 months of conservative treatment (proved to
be ineffective).
The parents were fully informed of the procedure of the
tests and in each case they expressed their formal agreement
Table 1 Balance subtest scores of the Bruininks–Oseretsky
test of motor proficiency.
Balance subtest scores Raw score
maximum
Point
score
(1,2) Standing with feet apart
on a line
Eyes
open
10 s 0–4
Eyes
closed
10 s 0–4
(3) Walking forward on a line Eyes
open
6 steps 0–4
(4,5) Standing on one leg on a
line
Eyes
open
10 s 0–4
Eyes
closed
10 s 0–4
(6) Walking forward heel to
toe on a line
Eyes
open
6 steps 0–4
(7,8) Standing on one leg on a
balance beam
Eyes
open
10 s 0–4
Eyes
closed
10 s 0–4
(9) Walking heel-to-toe on a
balance beam
Eyes
open
10 s 0–4
Total score (1–9) 0–36
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the Ethics Committee of the Assiut Medical University.
For comparison, 30 age- and sex-matched healthy children
(control group) (12 females/18 males) were recruited in this
study and underwent the same testing. Control subjects with-
out OME and without a history of middle ear disease.
A detailed history was taken from all subjects of the control
group and study group (prior to and after management) with
particular attention to ENT diseases. Ear, nose, and throat
examination were done,15 then they underwent a battery of
tests including.
2.1. Audiological assessment
Audiological assessment including pure tone audiometry using
a Madsen Orbiter 922 diagnostic audiometer (Madsen
Electronics, Denmark), at frequencies between 0.25 and
8.0 kHz for air conduction (AC) and between 0.5 and
4.0 kHz for bone conduction (BC). Calculation of 4-
frequency Pure Tone Averages (4-PTA) for both AC and BC
were done at frequencies of 0.5, 1.0, 2.0 and 4.0 kHz and an
air–bone gap (ABG) was calculated at these 4 frequencies =
[(air-conducted threshold)  (bone-conducted threshold)].
- Tympanometry and stapedial reflexes (using an impedance
audiometer AZ 26, Interacoustics AZ 26, Denmark).
2.2. Clinical evaluation of vestibular function
Clinical evaluation of vestibular function was done by using
both Bruininks–Oseretsky tests for motor proficiency (BOT-
2) and modified Clinical Test of Sensory Interaction for
Balance (mCTSIB).
The ability to remove and alter sensory inputs such as
vision and proprioception allows for the assessment of the rel-
ative contributions of different sensory inputs and mainte-
nance of balance in a given patient.16A number of clinical
maneuvers exist to assess static and dynamic balance and sen-
sory organization abilities:
The balance subset of Bruininks–Oseretsky tests for motor
proficiency (BOT-2) (Bruininks and Bruininks 2005)17
(Table 1). It allowed us to accurately identify balance abnor-
malities of very young children (the minimum age of adminis-
tration is 4 years).18 It contains nine balance-related tasks
performed either with eyes open (EO) or with eyes closed
(EC) to assess static and dynamic balance abilities carried
out in a room free of distractions.19
The following items comprise the Balance subtest of the
BOT-2:
1,2: Subject stands with feet apart on a line while looking at
a target on the wall, then with eyes closed. The trial is stopped
after 10 s.
3: Subject walks forward on a line on the floor using a nor-
mal stride. Both hands are on the hips. They scored with a
maximum of six steps. If the subject places one foot or both
feet completely off the line prior to six steps, the test is stopped
and the number of successful steps is recorded (raw score).
4,5: Subject stands on the preferred foot on a line drawn on
the floor while looking at a target on the wall. Both hands are
on the hips, and the free (not preferred) leg is flexed at theknee, then with eyes closed. The raw score, typically the timed
duration during which the child maintains its position up to a
maximum of 10 s.
In items4,5 the trial is stopped after 10 s and the time is then
recorded. The trial is stopped before 10 s if the subject touches
the free leg to the floor, drops the free leg below a 45 angle,
hooks the free leg behind the supporting leg, or shifts the sup-
porting foot out of place. The trial is incorrect if one foot or
both feet are placed completely off the line or beam, the heel
of the front foot fails to touch the toe of the rear foot, or
the toe of the rear foot is moved forward to touch the heel
of the front foot.
6: Subject walks forward on a line on the floor with a heel-
to-toe gait. Both hands are on the hips. Item 6 was scored with
a maximum of six correct steps. A step is incorrect if one foot
or both feet are placed completely off the line or beam, the heel
of the front foot fails to touch the toe of the rear foot, or the
toe of the rear foot is moved forward to touch the heel of the
front foot.
7,8: Subject stands on the preferred foot on a balance beam
with eyes open then with eyes closed.
9: Subject walks on a balance beam with a heel-to-toe gait.
Raw scores were converted to point scores that are used for
the BOT-2 in order to convert raw scores (i.e., seconds versus
steps) to a common set of values. To determine whether a bal-
ance deficit was present, testing to compare the mean point
score of each subtest and the total mean point score of the
study group was compared with the total mean point score
of the control group (0–36 points).18
- The modified Clinical Test of Sensory Interaction for
Balance (mCTSIB).
The mCTSIB consists of four standing positions: on a firm
surface with eyes open (EO), with eyes closed (EC) for 30 s.,20
to assess the patient’s ability to use inputs from the
154 E.A. Said et al.somatosensory system to maintain balance (visual aids lack-
ing) Detailed measurement of mCTSIB testing was per-
formed,21 as follows:
The patient stands on a foam cushion with EO to assess his
or her ability to use input from the visual system to maintain
balance (incorrect somatosensory information) and on a foam
cushion with EC to assess the patient’s ability to use input
from the vestibular system to maintain balance (when other
information are lacking or incorrect). The timing of the task
was stopped when the participant’s arms moved from the orig-
inal position, or when their foot moved, or when they opened
their eyes during EC trial.
- All subjects of the control and study groups underwent
objective tests of vestibular end organ function both
ENG and VEMP.
2.3. Electronystagmography test (ENG)
ENG tests battery were done by Micromedical tech. (Meta 4
version 8), using monopolar electrode montage, and it
included a search for nystagmus both with and without fixa-
tion, with spontaneous, post-head shaking test. Also, nystag-
mus was studied using both the Dix–Hallpike test
(positioning test) for the right and left side, and positional tests
including the supine, head right and head left.22 The magni-
tude of a nystagmus of a slow-component velocity of
6 degree/s was considered significant during positional and
post-head shake testing or nystagmus tests.
2.4. VEMP test
All candidates underwent VEMP testing using a Bio-Logic
Navigator Pro evoked potential system (Mundelein, Illinois,
USA).
VEMP test was recorded in all subjects while turning their
head to the opposite side to activate the sternocledomastoid
(SCM) muscle. The electromyography was recorded with sur-
face electrodes mounted in the middle third of SCM on the
tested side. Tone burst of 500 Hz was presented to the tested
ear at intensity of 90 dB nHL with 4.3/s. stimulus rate.
Rise/fall time of 4.0 ms was used with a plateau time of
2.0 ms. The analysis time was 80 ms and the filter setting was
10–1500 Hz.23
For elicitation of VEMPs evoked by air-conducted signal
(AC), the eliciting AC stimuli were delivered via earphones
(Telephonics THD 49), and the BC stimuli used to evoke the
BC-VEMP (which can detect vestibular dysfunction in patients
with conductive hearing loss) were delivered to the participants
ear using clinical bone vibrator (B71, Radioear Corporation)
placed on the mastoid process. Therefore, air and bone con-
ducted stimuli were applied in this study.24
Two traces from each side were obtained in order to assess
reproducibility of peaks p13–n23; thus results of VEMP were
evaluated by the existence of p13–n23 biphasic wave. The
latencies of peaks p13 and n23 and peak to peak amplitude
were measured for all children with otitis media before and
after treatment and for the control group.2.5. Statistical analysis
Data was collected and analysis was done by computer pro-
gram SPSS” ver. 21” Chicago, USA. Data expressed as mean,
SD using T. test to determine significance for quantitative vari-
able. A Chi-square to determine significance for qualitative
variable (number, percentage). Furthermore, correlations
between different parameters were assessed using Pearson’s
correlation test.
In all statistical procedures:
P> 0.05 no significant
P 6 0.05 significant*
P 6 0. 01 moderately significant**
P 6 0.001 highly significant***
3. Results
This study included 80 individuals of both sexes. They were
classified into two groups: control group and the study group.
The control group included 30 normal-hearing children; their
ages ranged from 5 to 10 years (7.0 ± 1.4). The study group
included 50 children with bilateral OME; aged 5–11 years,
(28 females/22 males). Children in the study group were eval-
uated at two stages of the treatment: Stage I – before treatment
called G1 and stage II – 4 weeks after treatment called G2.
They were treated either with antibiotics, mucolytic agent com-
binations or myringotomy with or without insertion of ventila-
tion tubes in cases that conservative treatment had proved to
be ineffective after at least 3 months.
3.1. Results of demographic features of all participants.
Results of demographic features of all participants, age, sex
and clinical characteristics of the disease and mode of treate-
ment are shown in Table 2.
Complete resolution of OME with only medical treatment
was recorded in twenty children, meanwhile the rest of the
study group needed surgical intervention in the form of
myringotomy with or without insertion of ventilation tubes.
Only eight children had a history of vertigo, clumsiness,
unsteadiness and or occasional fall.
3.2. Results of the basic audiological evaluation:
All the children in the control group had normal hearing,
meanwhile, nearly all children with OME had CHL and only
2 of them had mixed HL 2/50 on audiometry.
There were statistically significant elevated hearing thresh-
olds at almost all frequencies (both air and bone conduction)
on comparing G1 (before treatment) with either the control
group or G2 (after treatment). As a statistically significant dif-
ference was not found between the average pure tone thresh-
olds of the right and left ears at all frequencies in the control
and study groups, accordingly, the right and the left ears were
grouped together and the mean average of air and bone con-
duction are represented in Figs 1 and 2 respectively.
Table 2 Demographic features of all participants of the study
and the control group.
Parameters Control
group
Children with bilateral OME
Number 30
children,
60 ears
50 children, 100 ears
Age 7.0 ± 1.4 6.7 ± 1.8
Gender
(female/male)
18/12 28/22
Duration of disease
(in months)
4.63 ± 4.10
Treatment Medical – Antibiotic
+ mucolytic agent
16
children,
32ears
Surgical – Myringotomy with
or without
insertion of
ventilation tubes
34
children,
68 ears
History of vertigo and or clumsiness and or unsteadiness or frequent
fall
Vertigo 0 (0%) 4 (8%)
Clumsiness 0 (0%) 2 (4%)
Frequent fall 0 (0%) 2 (4%)
Total 0 (0%) 8 (16%) children
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In this study children with bilateral OME before treatment
(G1) had difficulty in maintaining balance when they were
challenged by sufficiently difficult balance tasks that emphasize
the contribution of the peripheral vestibular system, as when
vision and surface inputs were eliminated and/or inaccurate
with statistically significantly poorer scores in some balance
subtest items of BOT-2 as in SOL subtest with eye open
(EO) and closed (EC) both on a line (P value = .02 and .02)
or on a balance beam (P value = .02 and.001) on comparing
with either the control group or with their results after man-
agement (G2) respectively (Table 3).
Also, children with bilateral OME before treatment (G1)
had difficulty in maintaining balance in different skills of
mCTSIB with statistically significant lower scores at standing
on a firm surface (EC) 37/50 (74%) (P value = .02). On a
foam cushion (EC), G1 group achieved lower scores of 30/50
(60%) when they were compared with both CG 26/30
(86.6%) (P value = .04) or with their results after management
(G2) 41 (82%) (P value = .04) (Table 4).0 
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Figure 1 Showed the mean of hearing threshold level for air condu
(after treatment) and the control group (CG).A child was considered to have successfully passed the dif-
ferent skill tests of m-CTSIB by comparing the results with
standardized norms. The cutoff limit in these tests, or the low-
est value that was defined as normal, was determined as the
mean number of seconds that a normal child could maintain
balance – 2 SD. Children were considered to have failed the
test if their score was below this cutoff limit.21
There was no relation between parent’s perception of their
children’s balance and the test results of BOT’s and m-CTSIB.
3.4. Results of vestibular end organ function tests (ENG and
VEMP)
3.4.1. Results of Electronystagmography test (ENG)
In this study the abnormal ENG test results were mainly of the
peripheral vestibular disorder type.
Peripheral vestibular lesion was considered if25:
Spontaneous nystagmus was horizontal or horizontal
rotary, suppressed by visual fixation, nondirection changing
and exacerbated by gazing in the direction of the fast phase.
Positioning Dix–Hallpike maneuver: Delayed onset,
observe patient for at least 20 s, transient burst of nystag-
mus, lasts about 10–15 s, subjective report of vertigo and
fatigability.
Positional tests: Direction-fixed, geotropic direction chang-
ing in different positions, latency of onset and fatigable.
Prior to management, peripheral vestibular abnormalities
were noted in 32 (64%) children with bilateral OME (G1),
meanwhile, they were recorded in 3 children (10%) of the con-
trol group, with statistically significant higher abnormalities in
the study group (G1), than both the control group and G2
group after treatment (P value =. 000&. 001) respectively,
mainly these statistically significant differences in post head
shaking and positional tests (Table 5).
3.4.2. Results of VEMP test
Prior to treatment, AC-VEMPs were present in 12 (12%) ears
while BC-VEMPs were recordable in 78 (78%) ears with mean
ABG of 12.15 ± 2.75. All the patients with AC-VEMPs pre-
sented also BC-VEMPs (Table 1). After treatment (G2), mean
air-conducted 4-PTA was (19.47 ± 3.72), while mean bone-
conducted 4-PTA was (7.0 ± 1.59). Mean ABG was (12.47
± 1.30) dB HL in most children showing nearly closure of
ABG.
AC-VEMPs were present in 72 (72%) ears (12 of which
already presented VEMPs before treatment). BC-VEMPs were000 4000 8000
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ction thresholds between study group G1 (before treatment), G2
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Figure 2 Showed the mean of hearing threshold level for bone conduction thresholds between study group G1 (before treatment), GII
(after treatment) and the control group (CG).
Table 3 Comparison between the mean (X) and SD of point scores of the balance subtest of the Bruininks–Oseretsky test of motor
proficiency (BOT-2) between study groups G1 and G2 and the control group children.
CG G1 P value
(G1 and
CG)
G2 P value
(G2 and
CG)
P Value
(G1 and
G2)
Standing with feet apart on a line Eyes ﺥpen 4.0 ± .00 4 ± .0 – 4 ± .00 – –
Eyes
closed
4.0 ± .00 3.8 ± .56 0.573 3.95
± .133
0.395 0.271
Walking forward on a line Eyes ﺥpen 4.0 ± .00 4 ± .0 – 4 ± .00 – –
Standing on one leg on a line Eyes open 3.96 ± .12 3.6+.51 0.03* 3.94 ± .14 0.682 0.476
Eyes
closed
3.8 ± .2 3.1 ± .59 0.02* 3.8 ± .25 0.682 0.03*
Walking forward heel to toe on a line Eyes open 4 ± .0 3.8 ± .4 0.465 3.76 ± .41 0.425 0.351
Standing on one leg on a balance beam Eyes
open
3.9 ± .19 3.1 ± .25 0.02* 3.9 ± .16 0.762 0.04*
Eyes
closed
3.7 ± .2 3.0 ± .62 0.001** 3.73 ± .34 0.856 0.03*
Walking forward heel-to-toe on a balance
beam
Eyes open 3.9 ± 2.5 3.3 ± 1.8 0.452 3.6 ± 2.8 0.352 0.438
Total point score 35.3
± 8.54
32.1
± 7.89
0.256 34.7 0.625 0.382
* Significant.
** Moderately significant.
Table 4 Showed the number and percentage % of study group and the control group who passed successfully in different skills of m-
CTSIB before and after management.
m CTSIB findings CG Study group
(Before management)
P value
(G1 and CG)
Study group
(After management)
P value
(G2 and CG)
P value
(G1 and G2)
Standing on a firm surface
Eyes open (E0) 30 (100%) 50 (100%) – 50 (100%) – –
Eyes closed (EC) 28 (93.3%) 37 (74%) 0.03* 45 (90%) . 44 0.04*
Standing on a foam cushion
Eyes open (E0) 30 (100%) 44 (88%) 0.271 48 (96%) .125 0.625
Eyes closed (EC) 26 (86.6%) 30 (60%) 0.04* 41 (82%) .16 0.04*
Chi-square test was used.
* Significant.
156 E.A. Said et al.recordable in 90 (90%) ears. All subjects with elicitable AC-
VEMPs presented also BC-VEMPs (Table 6) (See Figs. 3
and 4). No relation was found between the clinical occurrence
of vertigo and the elicitability of VEMPs. AC and BC VEMPs
were recordable in all children of the control group.With regard to latencies, and amplitudes of p13 and n23
waves of AC and BC VEMPs (when they elicited), no
significant difference were detected between patients and the
control group before treatment or after treatment (P
value > 0.05).
Table 6 Comparison of mean air–bone gap (ABG) between
patients with present or absent air-conducted (AC) and bone-
conducted (BC), VEMP before and after management of
bilateral OME.
No. of ears (%) Mean air–bone gap (ABG)
Before treatment p Value
AC-VEMPs (+) 12 (12%) 10.36 ± 3.01 .03*
() 88 (88%) 20.75 ± 6.27
BC-VEMPs (+) 70 (70%) 12.0 ± 2.75 .03*
() 30 (30%) 19.05 ± 1.75
After treatment
AC-VEMPs (+) 72 (72%) 8.75 ± 3.52 .01*
() 28 (28%) 15.15 ± 2.74
BC-VEMPs (+) 90 (90%) 10.95 ± 3.27 0.253
() 10 (10%) 12.40 ± 3.02
* Significant.
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Some researchers considered OME to be the primary cause of
vestibular disturbances in children.1,2 Although young children
with bilateral OME recorded significant impairment of bal-
ance, their parents did not notice or report any problem unless
their children were presented with acute symptoms (e.g. nau-
sea, vomiting, or vertigo).10
In this study, all children with otitis media suffered from a
hearing loss in both ears of >20 dB HL when compared with
the control group which improved after treatment (Figs 1 and
2). Our results agreed with a study conducted by the
Multicentre Otitis Media Group (MRC),26 who reported that
otitis media is the most common cause of temporary acquired
conductive hearing problems in babies and young children.
The hearing loss is usually mild but may vary and these fluctu-
ations may impact on speech and language development.
Clinical manifestations were found in eight children (16%)
only of the study group prior to treatment, vertigo in four chil-
dren (8%) while clumsiness, unsteadiness or occasional fall in
four of them (8%), (Table 2). These symptoms improved after
treatment. Cohen et al.,9 reported that, although young chil-
dren with bilateral OME recorded a significant impairment
of balance, based on standardized testing, their parents did
not notice or report any problem unless their children were
presented with acute symptoms as vomiting, or vertigo. The
same results concluded by Golz et al.,1 who reported that chil-
dren hardly ever complain of vertigo; however, parents some-
times describe the child’s abnormal instability or frequent falls.
Koyunco showed that different treatments such as myringo-
tomy and ventilation tubes could reverse these symptoms.27
Balance subset of Bruininks–Oseretsky tests for motor pro-
ficiency (BOT-2) allowed us to accurately identify balance
abnormalities of very young children in a simple and cost-
effective tool requiring only 10 min to administer.
Computerized dynamic posturography is certainly an alterna-
tive to the BOT-2 and likely provides additional information,
however, it is more costly, and also does not allow for assess-
ment of very young children.18 In this study, prior to manage-
ment children with bilateral OME (G1) performed, poorer in
different balance skills of BOT-2 and also in m-CTSIB with
improvement of these scores in most cases following treatment
(G2) (Table 3 and 4).Table 5 Shows ENG test results for study groups both before (A)
ENG findings Control group Study group
Before management (A)
(A) P value (
Abnormal findings 3 (10%) 32 (64%) 0.000***
Spontaneous N 0 (0%) 9 (18%) 0.438
Post head shaking 1 (3.3%) 11 (22%) 0.02
Positioning test 0 (0%) 7 (17.5%) 0.241
Positional 2 (6.6%) 21 (42%) 0.001**
Chi-square test was used
* Significant.
** Moderately significant.
*** Highly significant.These results were compatible with the literature who con-
cluded that balance and coordination skills in children with
OME were significantly impaired as they had lower muscle
tone than the control group.1,2,28 Our results, also, agreed
with Golz et al.1 who, performed studies on children with
OME using the Bruininks–Oseretsky test for the evaluation
of motor maturity, and found deficient results in 61% of
the subjects with impaired motor development and these
impairments were resolved in most of them following tube
insertion. Denning and Mayberry10 explained these results
by impairment of vestibulo-spinal reflex caused by recurrent
attacks of OM. Casselbrandt29 indicated that episodes of oti-
tis media in children may affect the balance, leaving the chil-
dren more clumsy and accident-prone, and possibly impairing
motor development. Another study, done by Hart et al.,30
showed the same results with improvement of these skills
after insertion of tympanostomy tubes at a rate greater
than that of the control group. Moreover, Waldron’s et al.,
in his study31 indicated that OM had a universal effect on
the vestibular function, balance, of children even after
treatment.
In the current study, children with OME before treatment
(G1) had difficulty in maintaining balance in different skills
of mCTSIB with statistically significant lower scores with eyesand after (B) management and the control group.
After management (B)
G1 and CG) (B) P value
(G2 and CG)
P value
(G1 and G2)
5 (10%) 0.671 0.001**
0 (0%) – 0.351
2 (4%) 0.723 0.05*
2 (4%) 0.241 0.028
1 (2%) .571 .000***
Figure 3 Showed that no response was detected in AC-VEMP,
in 2 trials (lower trace) however, in BC-VEMP, normal responses
were detected in both trials (upper trace) for the right ear in a child
with OME (an ABG of 15 dB).
Figure 4 Showed that normal responses were detected in both
trials in AC-VEMP (lower trace) and BC-VEMP (upper trace) of
the right ear for the same child with resolution of OME (an ABG
of 5 dB).
158 E.A. Said et al.closed at stand on a firm surface (74%) and on a foam cushion
(60%) when they were compared with both CG (93.3%) and
(86.6%) or with their results after management(G2) 90%
and 82% respectively (Table 4). This was agreed with the
results of Pfleiderer et al.,32 who reported that children with
OME are more visually dependent for balance than healthy
children and they also have increased postural sway in the con-
text of moving visual scenes.
On the contrary, Von et al.33 found no significant differ-
ences in balance test results between children with and without
a history of otitis media, although, the children with a positive
history, scored lower. However, middle ear status was not
assessed at the time of testing, so the children with a history
of otitis media could have had functioning tympanostomy
tubes and this omission could have biased the results.
Combining both ENG and VEMP test results appears to be
sufficiently sensitive for objective detection of vestibular
abnormalities in these children, ENG assesses VOR
(vestibule-ocular reflex), which passes upward through the
upper brainstem, whereas VEMP test evaluates the sacculo-
collic reflex which travels downwards through the lower
brainstem.34In the current study before treatment (G1) 32 children
(64%) recorded abnormal ENG findings of the peripheral type
that is significantly higher than the control group, twenty-one
of them (42%) had impairment in positional and seven
(17.5%) in positioning tests (Table 5), however, these recorded
abnormalities which returned to normal following appropriate
management of OME. Koyunco and Hofmeyr,22,35 reported
that 33% of the children with OME had vestibular dysfunc-
tion, recorded by ENG, also, Golz et al., 19981 showed highly
pathological values in 58% of children with otitis media on
using ENG. Golz et al. 199112 in their study confirmed the
assumption that these abnormal findings could be resolved fol-
lowing the insertion of ventilation tubes, which is compatible
with our results.
The impairment of the sound transmission due to middle
ear pathology affects AC-VEMPs results. To overcome the
attenuation of stimulation due to middle ear pathology, as in
OME, BC-VEMPs also were applied. In the present study,
before treatment, children with OME (G1) recorded AC-
VEMPs in 12 (12%) ears that mean ABG was 10.36 while
BC-VEMP were recordable in 70 (70%) ears that mean
ABG was 12.15 (Table 6). After treatment of OME (G2), all
children showed nearly closure of ABG within 10 dB HL,
and, AC-VEMPs were present in 72(72%) and BC-VEMPs
were recordable in 90 (90%) ears.
Trivelli et al.36 found the air–bone gap, which is considered
to be responsible for the pre-operative difference in elicitability
between AC and BC-VEMPs. This hypothesis is confirmed in
the current study by the significantly lower pre-operative ABG
in patients with recordable AC-VEMPs in comparison to those
with non-recordable AC-VEMP (8.75 ± 3.52 vs. 20.75
± 6.27 dBHL). Bath et al., reported that VEMP response is
abolished or attenuated in conductive hearing loss with air
bone gabs as small as 8.75 dB.37 In the present study, BC-
VEMP was recordable in 100% of the control group and in
78% and 90% in the study group before and after treatment
respectively. The absent BC-VEMP could be explained by
impairment of vestibular function in children with OME.
Casselbrant et al.,11 reported that the vestibular and bal-
ance function in children with recurrent and persistent OME
may not develop normally or may not normalize completely
after disease resolution, and early intervention in the disease
course may be appropriate to avoid possible long-term seque-
lae in this domain of sensory function.
5. Conclusion
Children with a history of recurrent or persistent otitis media
with effusion are ‘‘at risk” for vestibular and/or balance dys-
function, so, they performed worse on these tests than healthy
children and their test results improved after treatment.
6. Recommendation
A history of balance disturbance should be actively sought in
all children with otitis media with effusion, and when present,
provides a strong indication for early operative intervention.
Early and effective treatment of the disease may not only
improve hearing and balance during an OME episode but,
more importantly, may prevent long-term functional
deficits, so, vestibular testing should be performed on all
Role of vestibular testing in treatment of children with otitis media with effusion 159children with recurrent or persistent OME. Furthermore, once
vestibular symptoms or deficits are identified, intervention is
warranted.
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